The addition of the ''News in Brief'' series to our Views and News section will highlight recent significant research in the last year-from high-impact papers to emerging research fronts-and will include papers with both classic and new hot topics. This series will offer a rotating view among the major Earth Science areas, as various experts will be invited to provide a brief look around the recent research conducted in their area. This selection of research papers is left up to each expert and due to the broadness of each field is not intended to be a comprehensive overview. Links to the published work are provided in each section. David Carlson, former Director of the International Programme Office for the International Polar Year, has been invited to provide a glimpse into the latest findings in polar science. Carlson outlines selected research of global relevance hoping that readers will ''discover the fascinating connections among and across these topics, and the unintended prominence of three restless partners: ocean, wind and ice''.
Ocean circulation
The interior Arctic Ocean continues to get warmer, particularly in layers influenced by incoming Atlantic water (Polyakov et al. 2012 ). The present warming exceeds anything recorded in instrumental records for the Arctic Ocean. Within the Canadian basin, ocean currents, ice movements and river outflow trajectories all suggest that anti-cyclonic winds have forced a change from cyclonic (counter-clockwise in NH) to anticyclonic (clockwise) flow in the surface currents of the Beaufort Gyre (Melling et al. 2012 ), a change that penetrates to intermediate layers.
Tracking radioisotopes released in UK and France, Karcher et al. (2012) show that Atlantic water, rather than circulating counterclockwise along the Siberian shelf, now takes a shorter route across the central Arctic and then clockwise along the Beaufort shelf. If persistent, such a change in circulation will drive new upwelling regimes along the shallow shelf regions of Beaufort and Siberian coasts. The net impacts of Arctic warming and circulation changes on the Pacific through Arctic to Atlantic mean flow, on the net heat and freshwater balance of the Arctic, and on Arctic inputs to the North Atlantic remain uncertain. Bamber et al. (2012) report a steady and substantial increase of freshwater from Greenland into the Irminger Sea, one of the regions where freshwater inputs impact vertical density structure and North Atlantic deepwater formation (Fig. 1) .
In the Southern Ocean, where south-flowing North Atlantic deepwaters rise to the surface and Antarctic bottom waters form and flow northwards, Antarctic bottom water has warmed significantly over more than 20 years, implying a slowing of Antarctic contributions to the deep circulation system (Purkey and Johnson 2012) . Gordon et al. (2010) report strong seasonal and inter-annual variability in one of the largest of those contribution regions, the Weddell Sea, tied to regional wind patterns. Local and region-wide winds also influence upwelling of the North Atlantic source waters near Antarctica (Marshall and Speer 2012) . Meredith et al. (2012) looked closely at the freshwater system around the Antarctic Peninsula, a region of rapid warming, using O 2 isotopes to distinguish meteoric (glacial, precipitation) water from sea ice meltwater. Over a decade they monitored a decrease in meteoric water despite increases of both precipitation and glacial melt, indicating increased wind-driven ocean mixing with consequences for biology. Because local and regional patterns link to circum-Antarctic Southern Ocean wind patterns, which in turn link to tropical Pacific conditions, hemispheric and global influences play a strong role in determining polar contributions to deep ocean circulation. Wind and ice influence ocean; ocean and wind influence ice.
Track down the details at: Sole et al. (2011) show that efficient subglacial drainage of a marine terminating glacier extended at least 48 km inland during one melt season. Satellite (Sundal et al. 2011 ) and on-surface (Bartholomew et al. 2010 ) GPS measurements indicate a seasonal interplay between melt and subglacial drainage, with substantial inter-annual variability; models of ice motion for the Greenland ice sheet will need to capture these interacting processes. An ice flow model used by Wang et al. (2012) showed that mass losses at the Greenland margin cause thinning higher on the continent on decadal time scales, thinning that can persist for centuries. Exploiting the time and position accuracy of GPS systems anchored to exposed bedrock at the perimeters of Greenland, Bevis et al. (2012) measured vertical uplift, in excess of postglacial rebound, due to rapid crustal response to recent ice mass losses. Their GPS network also records uplift 'pulses' correlated with short-lived events such as seasonal surface melt anomalies. Nghiem et al. (2012) document another remarkable surface melt event for 2012. From these reports we sense the Greenland Ice Sheet interacting extensively and rapidly with surrounding ocean (Fig. 2) and overlying atmosphere.
Track down the details at: Stronger ocean circulation and increased melting under Pine Island Glacier ice shelf. Nature Geoscience. doi: 10.1038/ngeo1188 Ocean acidification Track down the details at: Weather After another summer of remarkable shrinkage of Arctic sea ice extent, researchers will attempt to discern the separate and combined influences of warmer ocean and stronger winds. As I predicted in February 2012 (Carlson 2012) , more and more researchers and forecasters turn their attention to the causes, consequences and hemispheric connections of reduced sea ice and increased exposed ocean. By monitoring sharp gradients of ozone at the subtropical and polar fronts, Hudson (2012) documents a global poleward shift of the jet streams, a latitudinal shift that will impact temperature and precipitation patterns in both hemispheres. Several research groups (Balmaseda et al. 2010 , Overland et al. 2012 , Jaiser et al. 2012 , Yang and Christensen 2012 looked at consequences of Arctic sea ice anomalies on hemispheric, North American and Eurasian atmospheric pressure fields and circulation patterns, and even at correlations with the composite effects of Atlantic tropical cyclones (Scoccimarro et al. 2012) . Changes in regional snow cover, analogous to sea ice changes in that the reduction of a reflective and insulating surface-ice, snow-exposes a darker, warmer and often interactive substrate-land or ocean, also apparently influence subsequent specific events such as Asian dust storms (Lee et al. 2012 ) and larger scale atmospheric patterns both upstream and downstream of the snow regions (Henderson et al. 2012) . Often these studies diagnose altered wind patterns over the central Arctic, high pressure (and clear skies, ideal for surface melting!) over Greenland, and frequent winter cold events (on top of a pattern of general warming) for Europe. Converting these initial correlations and speculations into predictive skill remains a difficult challenge because of short records amidst large variability, the daunting task of extracting confirmation from correlation and continued uncertainty of future conditions (Screen et al. 2012 ). We see the major players-wind, ice and ocean-in both hemispheres, but surprises lie ahead.
Track down the details at:
• (2012) sources largely over open water channels and regions of fractional ice coverage, exactly those chemically and biologically active regions discussed by Barber et al. 2012 (above) . From terrestrial (not including coastal or sea floor) permafrost, Burke et al. (2012) estimate that carbon emissions (as CO 2 and CH 4 ), under RCP (representative concentration pathway) 8.5 will add an additional 0.1 to perhaps 0.4°C of warming by 2100, with substantial uncertainties due to inadequate model representation of frozen soils. Using slightly higher carbon emission rates (with almost a factor of 10 uncertainty and still considering only terrestrial sources) and incorporating feedback between permafrost carbon emission and climate, MacDougall et al. (2012) project a warming due to terrestrial permafrost thaw of 0.1 to 1.6°C, under moderate RCP scenarios, by 2300. Koven et al. (2012) evaluated current climate models for their ability to predict permafrost temperatures (none of those models predicts carbon emissions) and identified vertical soil temperature coupling, snow physics, and soil hydrology as major uncertainties-no surprise to permafrost researchers. Biastoch et al. (2011) modeled bottom water temperatures for the future Arctic Ocean (next 100 years), including the likely geographic extent of warming waters over shallow regions known to contain methane hydrates. They projected sufficient methane release in the short (100 year) term to perhaps double the ocean acidification problem in parts of the Arctic. Over longer terms they estimate a maximum of 0.8°C increase in global surface air temperature from Arctic sea floor hydrates. Global methane emission and mitigation studies need to incorporate the improved Arctic source estimates. Höglund-Isaksson's (2012) estimate of methane emissions and mitigation costs through 2030 does not include Arctic marine, coastal or terrestrial terms, even though each permafrost source equals or exceeds other included emission sources. Stolaroff et al. (2012) recognize the Arctic challenges in their discussion of capture and mitigation strategies, and point out the need to better detect and quantify amounts of methane releases and better understand methanotroph and methanogen ecology, recommendations that will come as no surprise to Arctic oceanographers and limnologists.
Track down the details at: 
Cool crustaceans
As in Carlson 2012, I focus on Arctic calanoid copepods ( Fig. 3) and Antarctic krill because of the unique and essential role these energy-rich crustaceans play in polar ecosystems. Large-scale changes in Arctic or Antarctic ocean stratification, mixing and ice coverage will change the abundance and quality of food sources available to these keystone species (Tremblay et al. 2012 , Murphy et al. 2012 . In Arctic fjord systems, synchrony for reproductive adults with early-season ice algal blooms and for offspring with later post-ice pelagic blooms ensures overall annual and long-term success (Leu et al. 2011) ; ice break-up too early or too late disrupts these patterns. Over coastal shelf regions of the western Arctic, when and where wind has swept away sea ice, the number and intensity of upwelling events may provide extended albeit intermittent feeding opportunities (Tremblay et al. 2012) . Through vertical migrations, highly seasonal for copepods in the Arctic, and surface-to-benthic interactions, year-round for krill in the Antarctic, calanoids and krill play substantial roles in carbon and nutrient transport from the surface ocean to the seafloor (Darnis and Fortier 2012, Schmidt et al. 2011 ). In the Antarctic, krill, together with their much-depleted whale predators, probably played and play a very important role in the transport and availability of iron, a key micronutrient in polar ecosystems (Schmidt et al. 2011 , Nicol et al. 2010 ; recovery of over-exploited whale populations could have a beneficial impact on Southern Ocean ecosystems through increased abundance of iron. The geographic distributions of these crustaceans, and of their prey and predators, play determinant roles in polar ecosystems and in the location and success of polar fisheries. In the Arctic relatively warm North Atlantic inflow carries abundant lipid-rich crustaceans to the Barents Sea, home of a rich fishery, while relatively cold water flowing through the Bering Strait carries relatively few high-energy crustacean food sources to the Chukchi Sea (Hunt et al. 2012) . Along the Antarctic Peninsula, the krill-based ecosystems change as oceanic prey and predator species move south from subAntarctic islands (Murphy et al. 2012) ; these linked changes in environment and ecosystems will impact the growing krill fishery (Nicol et al. 2011) . Predators follow the winter-time Arctic copepods into deep waters ). However, overall predation pressure on these crustaceans has changed substantially. In some cases abundances of non-exploited predator species such as Antarctic penguins (Trivelpiece et al. 2012) or Arctic auks (Berge et al. 2012 ) increased after humans harvested the baleen whales. Berge et al. (2012) suggest a new interpretation of calanoid life cycles as an evolved but relict response to now-absent predation. Whether they evolved in response to food abundance patterns or predation pressures, small life cycle variations among Arctic calanoid populations result in differing susceptibility to the combined stress of warming temperature and exposure to petroleum products (Hjorth and Nielsen 2011) . These evolving observations and interpretations of crustacean ecology will prove crucial as ice, wind and ocean changes impact polar marine ecosystems.
Track down the details at:
projections (from the same global climate models that fail to reproduce sea ice and snow extent decreases) for a western Canadian sub-Arctic watershed suggest small increases in annual river discharge due to enhanced spring runoff driven by snow melt and enhanced autumn runoff driven by precipitation (Todd et al. 2010) . In a separate water balance modeling study, Kumar et al. (2012) suggest that extreme precipitation in the form of snow from less frequent but more intense winter storms partially offsets higher melt rates and changed rain/snow ratios, particularly in warm dry winters. Such a scenario of dry mean conditions punctuated by extreme precipitation events presents extraordinary challenges to resource (and transportation!) managers and to natural hydrological and ecological systems. The location, timing and intensity of such storms links directly to changing atmospheric circulation patterns described above.
Track down the details at:
• 
